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Infection of the cornea in fishes by Myxobolus plasmodia is a common but 
still little known site preference of myxosporeans. A sporadic but striking infec-
tion in the cornea of the roach (Rutilus rutilus) was observed in Lake Balaton, 
Hungary. Relatively small, round plasmodia 250 to 500 μm in diameter developed 
in the dense connective tissue of the cornea. Morphological and molecular biolog-
ical examination of spores collected from cysts in the cornea demonstrated that 
this infection is caused by Myxobolus fundamentalis, a species hitherto reported 
only from the cartilaginous gill arch of the roach. The 18S rDNA sequences of 
spores from the cornea showed 99.9% identity to the sequences of spores from the 
gill arch, and they also shared 99.9% identity with the sequences of triactinomyx-
on actinospores obtained from the oligochaete Isochaetides michaelseni.  
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The roach (Rutilus rutilus L.) is one of the most common cyprinid fishes 
in the Northern part of Eurasia. Its Myxobolus fauna is well studied. So far, 14 
species (M. alievi Gasimagomedov, 1970; M. chernovae Landsberg & Lom, 
1991; M. cycloides Gurley, 1893; M. diversicapsularis Slukhai, 1984; M. dujar-
dini Thélohan, 1892; M. elegans Kashkovski, 1966; M. feisti Molnár et al., 2008; 
M. fundamentalis Molnár et al., 2010; M. intimus Zaika, 1984; M. marginatus 
Kulemina, 1969; M. mucosus Liu et al., 2016; M. pseudodispar Gorbunova, 
1936; M. rutili Donec & Tozyyakova, 1984; M. sommervillae Molnár et al., 
2010; M. wootteni Molnár et al., 2010) have been reported to cause infections in 
various organs of this fish species (Eiras et al., 2005, 2014; Liu et al., 2016). 
Most species are specific to the roach and infect a specific tissue and organ 
(Molnár et al., 2010; Molnár and Eszterbauer, 2015). However, little is known 
about Myxobolus infection of the eyes. The best studied myxosporean known to 
infect the eyes is Thelohanellus oculileucisci developing in the vitreous humour 
of the eyes of roach (Trojan, 1909; Lom et al., 1987), but there are also Myxobo-
lus spp. known to form small plasmodia in the cornea and sclera of various cy-
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prinid, centrarchid and percid fishes, like M. heterolepis in Notropis heterolepis 
Li & Desser, 1985, M. corneus Cone et al., 1990 in Lepomis macrorchirus, M. 
magnus Awerinzev, 1913 in Gymnocephalus cernua, M. volgensis Reuss, 1906 
in Sander lucioperca, and M. scleroperca Guilford, 1963 in Perca flavescens 
(Reuss, 1906; Awerinzew, 1913; Li and Desser, 1985; Cone et al., 1990; Muzzal, 
1995). El-Mansy (2005) reported a common infection of the cornea of three ti-
lapian fishes by M. heterosporus Baker, 1963 in Egypt. Similar infections by 
Myxobolus spp. have been published from India, where Hemananda et al. (2009) 
found M. clariae Hemananda et al., 2009 and M. utlouensis Hemananda et al., 
2009 infecting the cornea of the freshwater fish Clarias batrachus L. Moreover, 
another myxosporean species, Henneguya intracornea caused a similar infection 
in the characid fish Astyanax scabripinis Jenyns (Gioia et al., 1986). 
In this paper we report a myxosporean infection in the eye of roach in 
Lake Balaton, where small plasmodia of a Myxobolus sp. (Fig. 1) were found in 
the dense connective tissue of the cornea. Molecular studies done on the 18S 
rDNA sequences of spores proved that this species shared 99.9% identity with 
M. fundamentalis hitherto known only from the gill arch of the roach. 
 
Fig. 1. Eye of a roach infected by small plasmodia of Myxobolus fundamentalis. Fresh mount. 
(Photograph by Dr György Csaba). Bar = 1.5 cm 
 
 
Materials and methods 
During regular studies on myxosporean infections of Lake Balaton fishes 
(Molnár and Székely, 1999; Molnár, 2000; Molnár et al., 2010), unreported ob-
servations were made on white spots located on the eyes of roach which were 
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supposed to be myxosporean plasmodia. After receiving a convincing picture 
from Dr György Csaba, a colleague in the Central Veterinary Institute, a survey 
was initiated in Lake Balaton in 2012–2013, and a total of 230 roach specimens 
(size: 9 to 16 cm) from Lake Balaton were examined for this infection in three 
different parts of the lake [Tihany (46°54'51.5"N 17°53'34.6"E), Keszthely 
(46°45'15.3"N 17°14'56.5"E) and Balatonszemes (46°48'36.4"N 17°45'55.9"E)]. 
In the framework of a new project in August 2017, targeted investigations were 
carried out, when 47 specimens of roach were collected from the south-western 
part of Lake Balaton [Balatonberény (46°42'54.7"N 17°19'12.6"E) and Bala-
tonboglár (46°46'41.4"N 17°38'37.1"E)]. Moreover, each year several dozen 
specimens of other fish species commonly inhabiting Lake Balaton (Cyprinus 
carpio, Abramis brama, Blicca bjoerkna, Pelecus cultratus, Scardinius 
erythrophthalmus, Alburnus alburnus, Aspius aspius, Esox lucius, Sander lu-
cioperca, Anguilla anguilla) were also submitted for health checks. The cornea 
of live fish specimens was examined with a loupe at the catchment site. The in-
fected specimens were carried to the laboratory alive, in oxygenated plastic bags, 
and kept in aerated aquaria. Before extermination by a cervical cut, fish were se-
dated by a drop of clove oil into their water. In roach samples collected in 2017 
the plasmodia from the infected eyes were separated, the spores inside them were 
divided equally for morphological analysis such as measuring, microscopic and 
histological studies, and preserved in 70% ethanol for molecular analysis. Mor-
phological studies on the spores and histological procedures were performed as 
described by Molnár et al. (2010). 
For molecular studies, DNA was extracted from the spores of single plas-
modia (all isolated from different fish specimens) preserved in ethanol using the 
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany). The samples were cen-
trifuged at 10,000 rpm for 10 min and the supernatant was removed. Spore pel-
lets were treated according to the manufacturer’s instructions, and 100 μl of 
DNA was extracted at the final elution step. Amplification and sequencing of the 
18S rDNA were conducted as described by Cech et al. (2015). 
Sequence fragments were assembled using MEGA V6.06 (Tamura et al., 
2013) and ambiguous bases clarified using corresponding ABI chromatograms. 
Nucleotide sequences and reference sequences from GenBank based on BLAST 
matches were aligned with the software CLUSTAL W (Thompson et al., 1994). 
DNA pairwise distances were calculated with MEGA V6.06 software using the 
Maximum Composite Likelihood model. Phylogenetic analysis was performed 
via Maximum Likelihood (ML); Myxobolus cerebralis Hofer, 1903 was chosen 
as the outgroup. The dataset was tested using MEGA V6.06 for the nucleotide 
substitution model of best-fit and the model shown by the Akaike Information 
Criterion (AIC) as the best-fitting one was chosen (GTR+G+I model). Bootstrap 
values were generated based on 1,000 resampled datasets. 
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Results 
Of the different fish species surveyed for parasite infection of the eye, 
Myxobolus plasmodia were found only in roach. During the first examination pe-
riod only three out of the 230 fish specimens were infected with altogether 5 
plasmodia. These infected roach specimens (10–12 cm long) were collected in 
different seasons (April, September and November) and at different sites of the 
Lake. However, during the targeted investigation period in 2017, 3 out of the 20 
roach specimens (15%) originating from Balatonberény and 6 out of the 27 roach 
specimens (22%) derived from Balatonboglár proved to be infected with 1 to 7 
plasmodia. Infected fishes were found both in the smaller-size group of 9–12 cm 
(1+ year old) and among larger fishes of 14–16 cm body length (2+ and 3+ years 
old age classes). Plasmodia were seen with a hand loupe both in the centre and at 
the periphery of the pupillary region (Figs 1 and 2). They seemed to be located at 
the surface of the cornea as lens-shaped cysts; however, the examination of his-
tological sections revealed that the plasmodia were located deep in the multi-
layered dense connective tissue of the cornea, had a globe shape and were 250 to 
500 μm in diameter (Fig. 3). All the plasmodia found had mature spores inside 
(Fig. 4). The shape and measurements of the spores collected from plasmodia 
corresponded to M. fundamentalis Molnár et al., 2010. 
 
Fig. 2. Eye of a roach collected in 2017, infected by small plasmodia of Myxobolus fundamentalis. 
Fresh mount. Bar = 1 mm 
 
More than 1625 bp was amplified from the 18S rRNA gene from two 
spore samples, which showed 100% identity to each other, shared 99.9% identity 
with the above-mentioned M. fundamentalis originating from the connective tis-
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sue of the gill arch of roach (GU968200) and also had 99.9% identity with the 
18S rDNA sequences from Triactinomyxon type 1 actinospores obtained from 
the oligochaete Isochaetides michaelseni (Székely et al., 2014) (Fig. 5). 
 
Fig. 3. A plasmodium of Myxobolus fundamentalis in the dense connective tissue of the cornea. 
The damaged epithelium is mostly desquamated. Haematoxylin and eosin (HE) staining.  
Bar = 50 µm 
 
Fig. 4. Spores of Myxobolus fundamentalis from a corneal plasmodium. Wet mount.  
Bar = 10 µm 
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Fig. 5. Phylogenetic position of spores from the cornea of the roach (Rutilus rutilus) based on 18S 
rDNA analysis by Maximum Likelihood algorithm, GTR+G+I model. Myxobolus cerebralis was 
used as the outgroup. Bootstrap values are given at the nodes. Scale bar indicates the number of 
expected substitutions per site 
 
 
Discussion 
Infection of the eye, especially of the corneal layer, by plasmodia of Myx-
obolus spp. is rather common in different fish species. However, corneal infec-
tion of fish in Hungary has so far been reported only in roach. In contrast with 
the conspicuous signs of infection, the prevalence proved to be rather sporadic 
during the first study period (2012–2013), but during the targeted examinations 
conducted in 2017, 15% and 22% prevalence of infection, respectively, was rec-
orded in the two collection sites (Balatonberény and Balatonboglár) of Lake Ba-
laton in roach specimens. Molecular biological studies revealed that the causa-
tive agent of corneal infection corresponded to M. fundamentalis, a specific para-
site of the roach, which is known to infect tissues in the basal part of the gill fil-
aments and in the neighbouring connective tissue layer of the cartilaginous gill 
arch. Despite their different location, these two infection sites of the fish show 
strong resemblance in their histological structure. Plasmodia develop in the mul-
tilayered dense connective tissue of both organs. Molnár (1994) claimed that 
myxosporeans, especially Myxobolus spp., have a relatively strict host, tissue and 
organ specificity. In our case the specificity of the host (roach) and the tissue 
(connective tissue) corresponded to the above-mentioned thesis; however, the 
plasmodia developed in another organ. Similar differences in locations were 
found by Moshu and Molnár (1997) when studying Thelohanellus nikolskii in-
fection of the common carp. In that case, plasmodia of the above species infected 
the fins of the fingerlings of common carp but in older fishes they were located 
in the scales. Plasmodia started their development in the collagenous connective 
tissue in both cases. Similarly, M. gayerae Molnár et al., 2007 and M. pfeifferi 
Thélohan, 1895, the parasites of the chub (Squalius cephalus L.) and the barbel 
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(Barbus barbus L.), formed plasmodia both in the multilayered dense connective 
tissue of blood vessels in the gill arch and in the intestinal wall (Molnár et al., 
2014). In this study, spores of M. fundamentalis from the cornea and the gill arch 
corresponded to each other in spore morphology, and in both cases well-developed 
mature plasmodia were found, suggesting that both locations are suitable places 
for the development of this parasite. The lack of organ specificity is especially 
valid for parasites of the connective tissue. Adriano et al. (2009) reported that 
Myxobolus cordeiroi Adriano et al., 2009, a parasite of Zungaro jahu Ihering, 
1898, infected the connective tissue of various organs in this fish. Although or-
gan specificity is a useful tool for the identification of some myxozoan species, 
plasmodia developing in tissues like connective tissue, muscles and nerves fre-
quently occur in different parts of the fish body. Therefore, in these cases, organ 
specificity is a less important factor for the identification of the parasites. 
No reliable data are available on the pathogenic effect of myxosporeans 
causing corneal infection in fish. Muzzal (1995) supposed that young yellow perch 
specimens may die of infection with M. scleropercae. We suppose that even 
heavy infection with several plasmodia cannot result in the host’s death or gen-
eral destruction of the eye, but damages to the cornea impair the eyesight of the 
affected fish and increase their chance of being caught by predators. 
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